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Background: With increasing health care expenditures, knowledge about the benefit and costs of surgical interventions such as total
shoulder arthroplasty (TSA) becomes important for orthopedic surgeons, social insurance programs, and health policy decision makers.
We examined the impact of TSA on quality of life (QOL), direct medical costs, and productivity losses and evaluated the cost-utility
ratio of TSA compared with ongoing nonoperative management using real-world data.
Methods: Patients with shoulder osteoarthritis and/or rotator cuff tear arthropathy indicated for anatomic or reverse TSAwere included
in this prospective study. QOL (European Quality of Life 5 Dimensions 5-Level questionnaire) and shoulder function (Constant score;
Shoulder Pain and Disability Index; short version of the Disabilities of the Arm, Shoulder and Hand questionnaire; and Subjective
Shoulder Value) were assessed preoperatively and up to 2 years postoperatively. Health insurance companies provided all-diagnosis
direct medical costs for 2018 in Swiss francs (CHF), where 1 CHF was equivalent to US $1.02. Indirect costs were assessed using
the Work Productivity and Activity Impairment Questionnaire. Baseline data at recruitment and the total costs of the preoperative
year served as a proxy for nonoperative management. The incremental cost-effectiveness ratio (ICER) was calculated as the total
costs to gain 1 extra quality-adjusted life-year (QALY) based on both the health care system perspective and societal perspective.
The relationship between QOL and shoulder function was assessed by regression analysis.
Results: The mean preoperative utility index for the European Quality of Life 5 Dimensions 5-Level questionnaire of 0.68 for a total of
150 patients (mean age, 71 years; 21% working; 58% women) increased to 0.89 and 0.87 at 1 and 2 years postoperatively, respectively.
Mean direct medical costs were 11,771 CHF (preoperatively), 34,176 CHF (1 year postoperatively), and 11,763 CHF (2 years postop-
eratively). The ICER was 63,299 CHF/QALY (95% confidence interval, 44,391-82,206 CHF/QALY). The mean productivity losses for
29 working patients decreased from 40,574 CHF per patient (preoperatively) to 26,114 CHF at 1 year postoperatively and 10,310 CHF at
2 years postoperatively. When considering these productivity losses, the ICER was 35,549 CHF/QALY (95% confidence interval,
12,076-59,016 CHF/QALY). QOL was significantly associated with shoulder function (P < .001).
Conclusion: Using real-world direct medical cost data, we calculated a cost-utility ratio of 63,299 CHF/QALY for TSA in Switzerland,
which clearly falls below the often-suggested 100,000-CHF/QALY threshold for acceptable cost-effectiveness. In view of productivity
losses, TSA becomes highly cost-effective with an ICER of 35,546 CHF/QALY.iew board/ethics committee approval was granted by the
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ted on September 30, 2013. This clinical trial was regis-
.ClinicalTrial.gov (identifier NCT01586351).
*Reprint requests: Laurent Audige, PhD, Research and Development,
Schulthess Klinik, Lengghalde 2, CH-8008 Z€urich, Switzerland.
E-mail address: laurent.audige@kws.ch (L. Audige).
21 The Author(s). This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
0.1016/j.jse.2021.03.136
Total shoulder arthroplasty cost-utility analysis 1999Level of evidence: Level II; Economic Study
 2021 The Author(s). This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
Keywords: Cost utility; cost-effectiveness; total shoulder arthroplasty; quality of life; incremental cost-effectiveness ratio; real-world
data; European Quality of Life EQ-5DOsteoarthritis (OA) affects approximately 10% of
noninstitutionalized adults in the United States, which can
result in functional limitation, pain, and poorer quality of
life (QOL) for patients and an economic burden on soci-
ety.37 Glenohumeral arthritis is initially treated conserva-
tively to improve pain and restore function.1,3,24 With
progressive OA, patients may experience worsening pain
and function that result in decreased QOL, and thus, the
evaluation of surgical treatment options becomes relevant.3
Total shoulder arthroplasty (TSA) is known to provide good
outcomes in terms of safe and efficient pain relief, as well
as improved shoulder function and QOL.1,3,34
Owing to the growing aging population and its expec-
tations to stay active, as well as the development of
improved implant designs and the technique of reverse TSA
with its broader indications, the number of shoulder
arthroplasties has increased nearly 10-fold in the past 3
decades.33,34,36 With this trend, the emerging socioeco-
nomic burden will drive future discussions to consider the
proper allocation of limited financial resources. Health
economic evaluations are therefore important for orthope-
dic surgeons, social insurance programs, and health policy
decision makers and, in fact, play a role in outcome mea-
sure evaluations of surgical interventions.9 However, very
few cost-utility analyses have compared nonoperative
management or physiotherapy with shoulder replace-
ment20,22,26,28; in all but 1 study that included 30 patients,28
only hypothetical or modeled data obtained from the
literature were used. There is a need for studies using in-
dividual real-world data focused on patient-reported
outcome measures (PROMs), clinical outcomes, and
claims data to assess the relationship between patient
benefit and costs measuring the value of health care for
society.5,27
Although there is no implemented cost-effectiveness
threshold for a given health care intervention in
Switzerland, a threshold of 100,000 Swiss francs (CHF) per
quality-adjusted life-year (QALY) has been recommended
for high-income countries.25 The purpose of this study was
to examine the impact of TSA on QOL, direct medical
costs, and productivity losses and evaluate the cost-utility
ratio of TSA compared with ongoing nonoperative man-
agement using real-world data. We hypothesized that QOL
would improve until 2 years after surgery, leading to a
favorable cost-utility ratio for TSA patients treated at a
specialized Swiss orthopedic hospital.Materials and methods
Design
We performed a prospective health economic study assessing
patient benefits and costs associated with TSA compared with
nonoperative management using a before-and-after surgery com-
parison (pre-post design). The follow-up period was 2 years, and
we evaluated cost utility from a health care system perspective and
a societal perspective. The methodologic details were outlined in a
similar study investigating arthroscopic rotator cuff repair.13
Current standards for performing health economic evaluations
and the Consolidated Health Economic Evaluation Reporting
Standards (CHEERS) checklist were applied.9,18
Patient cohort
Patients were eligible for study inclusion if they were aged  18
years, received a diagnosis of primary or secondary glenohumeral
arthritis and/or rotator cuff tear arthropathy and were indicated for
anatomic or reverse TSA, and gave their written informed consent.
Patients who underwent revision surgery of a shoulder arthro-
plasty or had rheumatoid arthritis, acute fractures, or humeral head
necrosis were excluded. Eligible patients were consecutively
enrolled until there were a total of 150 operated patients who did
not drop out before 3 months after surgery.
Operative management and rehabilitation
The surgical procedure was performed according to the standard
technique through the deltopectoral interval with patients in the
beach-chair position under general anesthesia. For the majority of
reverse shoulder arthroplasty patients, the subscapularis was
repaired, when feasible, at the end of the intervention. Procedures
were carried out or directly supervised by a shoulder surgeon with
experience performing >20 TSAs annually. A standard post-
operative physiotherapy scheme was applied for the operated
shoulder, with active mobilization starting in the first week after
the procedure.
Patient-reported and clinical outcomes
The primary outcomes of this study were the change in QOL and
costs of TSA. Patients were followed up at 7 time points
throughout the study period: at enrollment; at the preoperative
time of hospital admission; and at 2 weeks, 3 months, 6 months,
1 year, and 2 years after surgery (Supplementary Fig. S1). To
assess QOL, we used the European Quality of Life 5 Dimensions
2000 C.E. Grobet et al.5-Level questionnaire (EQ-5D-5L).17 The responses were con-
verted into utilities (ranging from 0.66 [indicating the lowest
QOL] to 1 [indicating the highest QOL]) using the EQ-5D-5L
value set for Germany.21 The valid and reliable EQ-5D is the
most frequently used instrument to assess health states using
utilities and calculate QALYs.14 Shoulder function was assessed
using the Shoulder Pain and Disability Index (SPADI)31; the short
version of the Disabilities of the Arm, Shoulder and Hand ques-
tionnaire (QuickDASH)2; and the Subjective Shoulder Value
(SSV).12 Clinical examinations included determination of shoul-
der range of motion, muscle strength in 90 of abduction, and
overall shoulder function as measured by the Constant score
(CS),8 as well as the documentation of postoperative
complications.4
Cost and productivity data
Direct medical costs and productivity data of TSA patients were
collected for 3 periods: (1) the year preoperatively, (2) the first
year postoperatively, and (3) the second year postoperatively
(Supplementary Fig. S1). A collaboration with the 12 major Swiss
health and accident insurance companies was initiated to obtain
direct medical cost data of as many included patients as possible.
Patients provided information about their health and accident in-
surance and gave written consent that their insurance provider
may provide direct medical inpatient and outpatient cost data
extracted from its claims database for this study. Costs included
all-diagnosis direct medical costs of all treatments, complications,
drugs, and consultations covered by the mandatory health and
accident insurance companies across all hospitals and other
providers.
Productivity losses due to the shoulder problem were assessed
before and after surgery at all 7 follow-up time points using
the Work Productivity and Activity Impairment
Questionnaire–Specific Health Problem, version 2.0 (WPAI-
SHP),30 which comprises 6 questions about absenteeism (absence
from work) and presenteeism (reduced productivity when at work)
during the past 7 days. Additional work-related data included (1)
the number of hours usually worked during 1 week, (2) whether
the level of employment was reduced because of the health
problem, (3) the duration of absence from work after surgery, and
(4) the current monthly personal income in brackets of 2000 CHF
up to 16,000 CHF. Costs were provided in CHF with US dollar
(USD), Euro (V), and British pound (GBP) equivalents, based on
the 2018 conversion rates, of USD 1.02, V0.89, and GBP 0.80,
respectively.
Statistical analysis
With a power of 80%, a significance level of .05, a standard de-
viation [SD] of 0.30, and a maximum 10% loss to follow-up, a
sample size of 150 patients was determined from a power analysis
aimed to detect a clinically important change of 0.074 in our
primary outcome of QOL.35 All data were entered into a Web-
based electronic database using REDCap software (version
9.7.5; Vanderbilt University, Nashville, TN, USA)16 and exported
for analysis into STATA software (version 14.2; StataCorp, Col-
lege Station, TX, USA). Missing follow-up outcome data werereplaced by multiple multivariate chained imputation32 while
considering the following factors: patient age, sex, comorbidities,
American Society of Anesthesiologists physical status classifica-
tion, diagnosis, and prosthesis type. The change in QOL was
analyzed using a paired t test and reported as the mean with its
95% confidence interval (CI). QALYs were calculated by multi-
plying utilities over the length of time in which the specific health
state was experienced. For the base casedthe status nominated in
our study to consider a hypothetical situation of nonoperative
managementdit was assumed that if patients had not undergone
surgery, they would have maintained their preoperative health
state throughout the follow-up period.
Annual direct medical costs were calculated for each 1-year
period. Discount rates were not used because of the short time
horizon of 3 years. The incremental cost-effectiveness ratio
(ICER) was calculated by dividing the difference in annual costs
(postoperative period – preoperative period) by the QALYs
gained. The 95% CIs of costs and ICER were calculated using
nonparametric bootstrapping.6 A subgroup analysis was separately
performed for working and nonworking patients including pro-
ductivity losses. Productivity losses for the patient population,
which had a labor-type pattern representative of TSA patients in
Switzerland, were calculated by multiplying health-related (ie,
shoulder-specific) absenteeism and presenteeism29 with annual
earnings.
Changes in all outcome parameters from baseline were
analyzed using generalized linear mixed models considering
repeated follow-up assessments at multiple time points. The
relationship between shoulder function (ie, SPADI, QuickDASH
score, SSV, and CS) and QOL was explored with scatter plots and
regression analysis with robust standard error estimation.
Sensitivity analysis
One major assumption in the primary analysis of this study was
that the QOL index of patients continuing a hypothetical nonop-
erative management strategy would remain constant over time
with constant costs as reported in the preoperative year (base
case). This is a rather optimistic scenario, particularly because OA
is characterized by the irreversible destruction of articular surfaces
and conservative treatment may prolong but not hinder its pro-
gression.24 Nevertheless, some patients may profit from nonop-
erative management such as physical therapy, intra-articular
injections, and oral medication; others may simply accept their
shoulder symptoms and adapt to prevent undergoing surgery.
Thus, we believe that a stable trajectory of QOL and costs during
follow-up for nonoperative management is a fair assumption.
Our sensitivity analysis, in addition to the base case, therefore
included 3 scenarios: (1) Simulation of a linear deterioration of
10% in QOL within the nonoperative treatment setting until the
2-year follow-up (Supplementary Fig. S2); (2) hypothetically
increased costs of 10% or 20% for the first year after enrollment
compared with the documented preoperative costs for intensified
nonoperative treatment to maintain initial QOL; and (3) hypo-
thetically decreased costs of 10% or 20% for the first and second
years after enrollment compared with the documented preopera-
tive costs owing to acceptance of and adaptation to the shoulder
symptoms and reduction in nonoperative treatment.
Total shoulder arthroplasty cost-utility analysis 2001Results
Patient enrollment and baseline characteristics
Between January 2014 and October 2016, 166 patients
were enrolled. One patient received a hemiarthroplasty and
15 patients withdrew consent within 3 months after surgery.
Of the 150 included patients, 3 dropped out between the 6-
month and 2-year follow-up points and 1 died during the
second postoperative year. The follow-up rates were be-
tween 96% and 100%. The mean age of the patient cohort
was 71 years (SD, 9 years; range, 43-88 years), 44 had
undergone previous shoulder surgery (21 rotator cuff re-
pairs, 5 instability operations, 4 humeral osteosynthesis
procedures, and 14 other shoulder operations), and the
mean inpatient time was 6 days (Table I).Table I Baseline patient characteristics (N ¼ 150)
n (%)
Female sex 86 (57)
Comorbidities 89 (59)
ASA physical status classification
1 (healthy) 11 (7)
2 (mild systemic disease) 86 (57)
3 (severe systemic disease) 52 (35)
4 (severe systemic disease posing
constant threat to life)
1 (1)
Duration of symptoms
<6 mo 24 (16)
6 mo to 1 yr 22 (15)
>1 yr 104 (69)
Working 31 (21)
Workload reduced before TSA 12 (39*)
Nonoperative treatment
Steroid infiltration 59 (39)
Oral medication 81 (54)
Physical therapy 44 (29)
No treatment 39 (26)
Diagnosis
RC tear without arthrosis 16 (11)
RC tear with arthrosis 60 (40)
Trauma (fracture) 5 (3)
Primary glenohumeral osteoarthritis 59 (39)




ASA, American Society of Anesthesiologists; TSA, total shoulder
arthroplasty; RC, rotator cuff.
* Percentage of 31 working patients.
y Secondary osteoarthritis resulting from shoulder instability (n ¼ 5),
calcium pyrophosphate deposition disease (n ¼ 3), or trauma
(without fracture) (n ¼ 2).Patient-reported and clinical outcomes
The mean EQ-5D-5L utility index increased from study
enrollment to 2 years by 0.19 (95% CI, 0.15-0.22;
P < .001) (Fig. 1). The main increase occurred within the
first 3 months after surgery. The preoperative QALY value
was 0.68 (SD 0.23) whereas the QALY values in the first
and second postoperative years were 0.85 (SD, 0.12) and
0.88 (SD, 0.14), respectively; these values were similar to
the raw non-imputed data. After 2 years, the incremental
QALY gain was 0.18/yr for TSA patients compared with
nonoperative management. Preoperative shoulder function
according to the SPADI, QuickDASH score, SSV, and CS
improved from 38 to 85, from 48 to 20, from 41 to 84, and
from 34 to 71, respectively, until 1 year after surgery and
remained at this level in the second year after surgery
(P < .001; Fig. 2, Supplementary Table S1).Cost-utility analysis
Direct medical cost data were provided by 12 major Swiss
insurance companies for 134 patients (89%). The mean
direct costs increased from 11,771 CHF in the preoperative
year to 34,176 CHF in the first postoperative year and
decreased to the preoperative level in the second year after
surgery; this resulted in an incremental annual cost of
11,198 CHF for the base-case scenario, which compared
TSA patients with nonoperative management, resulting in a
constant QOL index and constant costs (Table II). Inpatient
costs constituted the large increase observed in the first year
after surgery. On the basis of the direct medical costs, the
ICER was 63,299 CHF/QALY gained (95% CI, 44,391-
82,206 CHF/QALY gained) when comparing TSA with
nonoperative management.
Of 31 working patients, 12 had to reduce their work
during the preoperative period because of shoulder prob-
lems, of whom 6 were on full sick leave. Twenty-eight
patients returned to work, on average, 76 days after surgery,
with approximately half returning during the first 3 months
(Fig. 3). The mean preoperative productivity loss per
working patient based on absenteeism and presenteeism
was 62%, which decreased to 38% at 6 months and 16% by
2 years after surgery (Fig. 4). Mean productivity losses
decreased from 40,574 CHF per working patient in the year
before surgery to 10,310 CHF 2 years after surgery
(Table II). When considering productivity losses, the ICER
decreased to 35,549 CHF/QALY (95% CI, 12,076-59,016
CHF/QALY) for TSA vs. nonoperative management.
Subgroup analysis of the 28 working patients showed
that TSA implantation was dominant compared with
nonoperative management, with an incremental QALY gain
of 0.26/yr and incremental annual cost savings of 13,132
CHF. The corresponding ICER for the nonworking patient
group was 73,224 CHF/QALY (95% CI, 46,619-99,828
CHF/QALY).
Figure 1 Quality of life (utility index) as measured by European Quality of Life 5 Dimensions 5-Level questionnaire at each follow-up.
The horizontal dashed line indicates the utility index for nonoperative management, which was assumed to remain unchanged throughout
the follow-up period. Pre-OP, preoperatively.
2002 C.E. Grobet et al.The ICERs calculated from the sensitivity analysis
ranged from 24,208 to 48,855 CHF/QALY (Table III). For
example, while the ICER for the base-case scenario was
35,546 CHF, hypothetically increasing the costs by 10%
and 20% lowered the ratios to 32,219 CHF and 28,892
CHF, respectively.
Patient-reported shoulder function according to the
SPADI, QuickDASH score, SSV, and CS was significantly
associated with the EQ-5D-5L utility index at both the
preoperative and the 2-year postoperative time points
(P < .001), and the coefficient of determination (R2) at the
preoperative time point was 0.33, 0.32, 0.27, and 0.25 forFigure 2 Shoulder function and quality of life over time.
Outcome scores ranging from 0 to 100 points are shown at each
follow-up time point. The original scale of the short version of the
Disabilities of the Arm, Shoulder and Hand questionnaire
(QuickDASH) score was reversed for presentation purposes. Pre-
OP, preoperatively; SPADI, Shoulder Pain and Disability Index;
EQ-VAS, EQ-5D General Health Visual Analogue Scale.the SPADI, QuickDASH score, SSV, and CS, respectively.
The relationship between the EQ-5D-5L utility index and
SPADI is shown in Figure 5; similar scatter plots were also
achieved for the outcomes of the QuickDASH score, SSV,
and CS.Discussion
The most important finding of this cost-utility study using
real-world data was that patients undergoing TSA showed a
clinically relevant and statistically significant improvement
in QOL 3 months after surgery compared with their pre-
operative state and they maintained this gain in QOL until 2
years after surgery. The cost-utility ratio of TSAwas 63,299
CHF/QALY from a health care system perspective
(including direct medical costs) and 35,546 CHF/QALY
from a societal perspective (including direct medical costs
and productivity losses) at the 2-year follow-up compared
with nonoperative management. These values are clearly
below the often-discussed 100,000-CHF/QALY threshold
for high-income countries.25
QOL, according to the EQ-5D-5L utility index,
improved significantly by 0.19 points, which is well above
the minimal important difference of 0.074.35 The EQ-5D-
5L utility index of 0.87 at 2 years after surgery is in
accordance with the normative index value of 0.85 for
German adults of the same age category.15 We calculated
QALYs in the 2 years after TSA surgery of up to 1.73, yet
the same values from previous cost-utility studies using
modeled data extended to consider a lifetime horizon
ranged from 6.45 to 12.19.7,20,22,23,26
Study comparisons are difficult because of the limited
number of cost-utility studies available and the diverse
methods of data collection and utility calculation. We
identified only 1 study reporting primary health economic
Table II QALYs, direct medical costs, and productivity losses




Incremental QALYs or costs
n* CHF
QALYs 150 0.68 (0.23) 0.85 (0.12) 0.88 (0.14) 150 0.18 (0.20)
Direct medical costsy 134 11,771 (19,883) 34,176 (15,464) 11,763 (15,321) 134 11,198 (17,677)
Inpatient cost data 134 4918 (17,440) 26,470 (12,271) 4833 (10,631)
Outpatient cost data 134 6853 (5648) 7706 (6236) 6930 (7260)
Productivity lossesz 29 40,574 (25,603) 26,114 (19,144) 10,310 (17,175)
Total costsx 134 19,726 (28,485) 38,789 (19,482) 13,241 (16,251) 134 6288 (23,543)
Total costs for working
patientsx
28 49,096 (32,319) 53,665 (24,498) 18,263 (20,472) 28 13,132 (28,818)
Total costs for nonworking
patients
106 11,968 (21,643) 34,859 (15,869) 11,914 (14,773) 106 11,418 (19,010)
QALY, quality-adjusted life-year; CHF, Swiss francs.
Data are presented as mean (standard deviation).
* Patients with complete cost data and corresponding QALYs.
y Data provided by health insurance companies for 134 patients, including all medical costs, as well as those for medical conditions not involving the
shoulder.
z Only for working patients.
x Equivalent to sum of direct costs and productivity losses.
Figure 3 Kaplan-Meier curve showing percentage of patients
returning to work after total shoulder arthroplasty. m, months;
y, years.
Figure 4 Productivity losses of working patients (n ¼ 30) expressed a
horizontal line between 4 and 0 weeks indicates the preoperative per
Total shoulder arthroplasty cost-utility analysis 2003data, which analyzed 30 patients undergoing reverse
shoulder arthroplasty for rotator cuff arthropathy.28 This
work reported a cost-utility ratio of 16,747 USD/QALYat 2
years, but cost data were limited to inpatient costs
(including professional fees, operating room and supply
costs, and hospital care only); preoperative or additional
rehabilitation or outpatient treatment costs were not
assessed. Three further studies comparing reverse shoulder
arthroplasty vs. nonoperative management calculated
ICERs of 8100 USD/QALY,26 25,522 USD/QALY,20 and
37,400 USD/QALY,22 but these studies used modeling
techniques with estimated utility and cost data extracted
from the literature and a lifetime horizon, the latter of
which impedes any possibility of a direct comparison. Ours percentage of work activity level until 2 years after surgery. The























































































































































































































































































































































































































































































































































































































































































Figure 5 Scatter plot showing association between quality of
life (according to European Quality of Life 5 Dimensions 5-Level
questionnaire [EQ-5D-5L] index) and shoulder function (accord-
ing to Shoulder Pain and Disability Index [SPADI]) over time.
Each open and closed data point represents 1 patient in the pre-
operative period (Pre-OP) and 2 years after surgery, respectively.
The regression line indicates the association between the EQ-5D-
5L utility index and SPADI at the preoperative time point.
2004 C.E. Grobet et al.ICER only considers 2 years of follow-up. However, the
treatment effect of TSA is expected to last far longer, up to
20 years,11 at least for a proportion of patients. Further
investigation is required to assess whether a more favorable
ICER and even cost savings would be achieved for TSA
over a long-term follow-up extending beyond 2 years. Our
results nevertheless show that TSA is already cost-effective
2 years after implantation.
Owing to a mean age higher than retirement age, only
21% of our patient collective worked. For these 31 patients,
the productivity losses were high, which highlights the
socioeconomic importance of OA and the importance of
considering productivity losses. In the cost-effectiveness
subgroup analysis, TSA implantation was dominant over
nonoperative management for working patients, that is,
QALYs were gained and costs were saved, because post-
operatively, productivity losses quickly decreased below
the preoperative level. The ICER for nonworking patients
was higher but still below the often-discussed 100,000-
CHF/QALY threshold for high-income countries.25 The
majority of our working patients returned to work, on
average 76 days after surgery; this observation is consistent
with the mean time to return to work ranging from 1.4 to
4.0 months reported in a recent systematic review.34 In
contrast, our return-to-work rate was higher than the 63%-
65% rates of returning to work described by Thon et al.34
The reasons for this difference may be attributed to a
number of factors including our patients who may have
been employed in positions requiring less labor-intensive
work, differences in working conditions abroad (ie, most
Total shoulder arthroplasty cost-utility analysis 2005of the studies included in the review were conducted in the
United States), and longer follow-up time points (eg, some
patients were retired by the 5-year postoperative
assessment).
The correlations between the EQ-5D and the various
PROMs, although weak, were highly significant. Jain et al19
recently found similar results and concluded that PROMs
and QOL scores are not interchangeable; they suggested
that studies analyzing the cost-effectiveness and value of
shoulder arthroplasty should incorporate both shoulder and
upper-extremity PROMs and QOL scores.
Our study has several limitations. First, we did not
implement randomization between nonoperative manage-
ment and TSA to ensure that both treatment options would
be applied to similar patients. Patients consulting with our
specialty and tertiary referral hospital mainly seek further
options because of failed nonoperative management. Any
randomization process involving both procedures was, in
fact, considered unethical and impossible to implement. A
pre-post design was considered the most feasible approach
in this clinical setting and has been successfully applied in
other health economic studies.10,13 Second, a strong
assumption of this study was that the QOL index would
remain constant over time without surgery. Some patients
may benefit from additional nonoperative procedures such
as physical therapy, intra-articular injections, and oral
medication, at least during the initial years of treatment.
For other patients, QOL will continue to decrease because
of advancing OA and its negative impact on general or
mental health and daily living conditions. Therefore, we
assumed that a constant QOL index would most realisti-
cally represent the population average. With the sensitivity
analyses, alternative scenarios were considered. Third, only
all-diagnosis direct medical costs including costs of other
health-related conditions (eg, comorbidities) were avail-
able. The impact of non-TSA costs on incremental costs,
however, should be limited because of the pre-post study
design, which compares each patient with himself or her-
self such that patients act as their own controls. In addition,
any costs owing to possible surgical side effects are
captured in our calculation. Another limitation of this study
is the limited follow-up period. With a longer follow-up,
changes in the implant and shoulder status that lead to
reoperation including revision surgery, as well as changes
in daily living conditions, are to be expected. Cost-
effectiveness will be affected by any decline in subjective
outcome parameters and by any increase in costs associated
with additional interventions.ConclusionUsing real-world direct medical cost data, we calculated
a cost-utility ratio of 63,299 CHF/QALY for TSA in
Switzerland, which clearly falls below the often-suggested 100,000-CHF/QALY threshold for accept-
able cost-effectiveness. In view of productivity losses,
TSA becomes highly cost-effective with an ICER of
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